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Abstract:

ABO blood groups and ABH saliva secretion were investigated in the Thal population. A total of
206 blood donors and 2 families, of 3 and 4 members, respectively, were subjected to the study at National
Blood Centre, The Thai Red Cross Society. The study was conducted from July 22" to August 26", 2016. ABO
blood grouping was examined by both cell and serum grouping. Saliva from blood donors was collected and
hemagglutination inhibition test (HAI) was used to detect the secretor status. It was found that the gene
frequencies of O, A and B were 0.646, 0.142 and 0.212, respectively. The frequencies of Se and se genes were
found to be 0.4603 and 0.5397, respectively. It was concluded that among the Thai population, 70.87% were
secretors and 29.13% were non-secretors, which was similar to the studies in other populations. The frequencies
of secretor status in different ABO blood groups were 74.42% in O, 64.29% in A, 74.63% in B and 45.45% in AB,
and the frequencies of secretor status in men and women were 68.00% and 73.58%, respectively. However,
there were no significant differences in the secretor status among genders and in blood groups O, A and B
(p > 0.05), though there were significant differences in the secretor status when comparing blood group AB
with blood groups O and B (p < 0.05) but no significant differences when comparing with blood group A
(p > 0.05). The family studies have clearly shown the genetic heritage of Se and se genes in the first family,
while in the second family, everyone was an ABH secretor. In conclusion, the frequency of the ABH secretors
in the Thai population was comparable with other populations and the detection of saliva ABH substances was
able to confirm the obscure ABO blood group determination among the ABH secretors.
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Introduction

The precursor of the ABO blood group antigens
is known as the H substance. Absence of the H
substance means that both A and B antigens cannot
be synthesised. People with Bombay (Oh) phenotype
do not express H antigen on their red blood cells
(RBC) and usually acquire naturally occurring anti-H.
This poses a problem in blood transfusion because
if a patient with Bombay phenotype receives blood
containing H antigen on RBC, an acute hemolytic
transfusion reaction may occur due to reaction of H
antigen and anti-H. Therefore, it is important that
patients with Bombay phenotype receive blood only
from other Bombay (Oh) phenotype donors.'

The soluble form of H antigen is regulated by
FUT1(H) and FUT2(Se) genes, on 19913.3." H gene
encodes for fucosyltransferase 1. Both Bombay and
para-Bombay phenotypes are caused by a point
mutation in the H gene, which leads to gene
inactivation. If both copies of H genes are inactivated
(hh), fucosyltransferase 1 cannot be expressed, which
results in no production of H antigen. Additionally,
Se gene indirectly encodes for soluble form of the H
antigen. As Se gene is dominant, H antigen secretor
only contain at least 1 copy of functioning gene (Sese

or SeSe), while a non-secretor (sese) does not have the

functional gene to produce soluble H antigen.’

Another gene that is closely linked to the H and Se
genes is the FUT3(Le) gene. Le gene adds fucose to
type 1 precursor substance to make Le® antigen. When
Se gene is active, it adds another fucose onto the Le®
antigen, resulting in Le” antigen. This means that an
individual with active Le gene but inactive Se gene
will have Le® antigen. Likewise, an individual with
both active Le and Se genes will have Le” antigen.
Inactivated Le gene will neither have the Le® or Le”
antigen.2

Additionally, Se gene is responsible for the ABH
secretion. ABH substances are secreted via various
body fluids including saliva, sweat, tears and semen .’
Secretors secrete ABH substances corresponding to
their ABO blood types.”

Even though monoclonal typing reagents have
been developed and advanced to have high potency,
there are still some problems in identifying blood
groups in most rare cases. Despite the fact that DNA
technology can be used to detect the blood group
with great accuracy’, it poses many problems due to
the expenses and the processing time. This means
not all hospitals are able to afford such technology.
Hemagglutination inhibition test (HAI) can be used
as an alternative regarding the identification of blood
groups. HAI detects ABH substances in the saliva

and this can determine the blood group providing that
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the person is a secretor. Approximately 70-80% of

the populations were secretors."*®” However, there
is no published data regarding ABH secretors in the
Thai population. Therefore, this study was aimed
to determine the ABH secretor status in the Thai

population.

Materials and Methods
Saliva sample collection

Approximately 5 mL saliva was collected from 206
blood donors at National Blood Centre, The Thai Red
Cross Society. Saliva was transferred to sterile test
tubes and kept in a boiling water bath for 10 minutes
to denature salivary and bacterial enzymes. The saliva
was then centrifuged and the clear supernatant was
transferred to sterile test tubes. Equal volume of
saline was added, then mixed well and kept in the
freezer at -20°C until they were tested.® The first time
donors were excluded, since they may have higher
incidence of infectious markers. In addition, saliva
from 2 families with 3 and 4 family members was also
collected as part of the genetic heritage of Se and se
genes study.

This study was approved by the Ethical Committee of
National Blood Centre, The Thai Red Cross Society,
Certificate Number NBC 11/2016.

ABO blood grouping

Blood samples were collected at the end of the
blood donation process at National Blood Centre,
The Thai Red Cross Society. These blood samples
were tested for ABO blood groups by cell and serum
grouping.”

Hemagglutination inhibition test (HAI)

Prior to the HAI test, the working antisera were
determined for the optimal dilution by performing
2-fold dilution of anti-A, anti-B and anti-H and tested
with corresponding standard A, B and O cells. Then
selected for the dilutions which gave 2+ agglutination
results.

The inactivated saliva in a volume of 100 pL

was taken into 3 test tubes and labelled A, B and H.
Antisera A, B and H in the selected dilutions of 1:8,
1:32 and 1:2, respectively, in a volume of 100 pL were
added to the corresponding test tubes using 1% BSA
in 0.9% NSS to dilute the antisera. The test tubes
were mixed and incubated at room temperature for
10 minutes to allow neutralization. Thereafter, 1 drop
of 3% corresponding standard cells was added to the
test tubes, respectively; mixed and incubated for 30
minutes. The test tubes were then centrifuged and
examined for agglutination reactions. For the testing
with anti-A, anti-B and anti-H, Se saliva, non-Se saliva
and saline were used as the positive, negative and
dilution controls, respectively.8

Antisera and standard cells were obtained from
the Antiserum and Standard Cells Preparation Section,
National Blood Centre, The Thai Red Cross Society.
Interpretation

The agglutination reactions for ABO grouping
were graded as 4+, 3+, 2+, 1+, w+ and 0. Indication
of 4+ represents the strongest agglutination reaction
meaning that there is a presence of the corresponding
antigen. Indication of 0 represents no occurrence of
agglutination meaning that there is no presence of the
corresponding antigen.”

The agglutination reactions for HAI were graded
as 2+ and 0. The negative result (0) indicates the
presence of the corresponding ABH substances in the
tested saliva, likewise, the positive result (2+) indicates
the absence of the corresponding ABH substances.”

Statistical analysis was performed using Chi-square
and t-tests’ with a significance level of 5% in order
to conclude how significant the influence of gender
and ABH blood groups is on the incidence of secretor

among the population. The p values of less than 0.05

were considered as significant.

Results
The frequencies of ABO blood grouping were
41.75%, 20.39%, 32.52% and 5.34% for groups O, A,
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B and AB, respectively and the gene frequencies O,
A and B were 0.646, 0.142 and 0.212, respectively
(Table 1). Secretor and non-secretor status of the
study population were 70.87% and 29.13%, respectively
(Table 2). In men, 68.00% were secretors, while in
women 73.58% were secretors but there were no
significant differences between the two genders (X 2
= 0.778; p = 0.378) (Table 2).

The frequencies of secretor status in different ABO
blood groups were 74.42% in O, 64.29% in A, 74.63% in
B and 45.45% in AB (Table 3). There were significant

differences in the frequency of secretor status in AB
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blood group when comparing with blood groups O and
B (X% = 3985, p = 0,046 and X2 = 3.867; p = 0.049,
respectively) but there were no significant differences
when comparing with blood group A (X z _ 1.292;

p = 0.256). However, there were no significant
differences in the frequency of secretor status in blood
groups O, A and B when compared with each other
(all p > 0.05) (Table 4).

A family study had also been done to determine
the genetic heritage of the Se and se genes (Figure
1). The fact that Se gene is dominant allowed us to

assume that the mother was homozygous sese as she

Table 1 Distribution of the blood groups and calculated gene frequencies where p, q and r stand for A, B and

O genes, respectively

Phenotype frequencies

Gene frequencies

n (0] A B AB p q r
206 86 42 67 11 0.142 0.212 0.646
(41.75%) (20.39%) (32.52%) (5.34%)

Table 2 Distribution of secretor status in men and women

Gender Secretors Non-secretors Total
Men 68 (68.00%) 32 (32.00%) 100 (48.54%)

Women 78 (73.58%) 28 (26.42%) 106 (51.46%)
Total 146 (70.87%) 60 (29.13%) 206 (100%)

X2 20778 p=0378

Table 3 Distribution of secretor status in O, A, B, and AB blood groups

Blood groups Secretors Non-secretors Total
O 64 (74.42%) 22 (25.58%) 86 (41.75%)
A 27 (64.29%) 15 (35.71%) 42 (20.39%)
B 50 (74.63%) 17 (25.37%) 67 (32.52%)
AB 5 (45.45%) 6 (54.55%) 11 (5.34%)
Total 146 (70.87%) 60 (29.13%) 206 (100%)

Table 4 Comparison of frequency of secretor status between blood groups O, A, B and AB

Blood groups and secretor status (%) 0 (74.42%)

A (64.29%) B (74.63%) AB (45.45%)

O (74.42%) -

A (64.29%) p > 0.05
B (74.63%) p > 0.05
AB (45.45%) p < 0.05

p > 0.05 p > 0.05 p < 0.05

- p>0.05 p > 0.05
p > 0.05 - p < 0.05
p > 005 p < 0.05 -
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SeSe or Sese sese

Sese

Figure 1 Pedigree showing genetic heritage of the Se

and se genes in one family

was a non-secretor. As the father was a secretor, he
was either SeSe or Sese. Furthermore, the daughter
was a secretor and therefore must be Sese, carrying
se gene from the mother and Se gene from the father.
Unfortunately, everyone in the second family was a
secretor, so genetic heritage of Se and se genes could

not be determined.

Discussion
The comparison of the distribution of ABO blood

groups and gene frequencies between the Thai

203

population and other populations (Table 5) indicated
that all populations acquired a similar pattern, with
blood group O being the most frequent and AB being
the least frequent. Interestingly, gene frequencies of A
in Thai (present study) and Indian populations were
lower than B, while gene frequencies of A in Greek and
Japanese populations were higher than B. However,
there were no significant differences in A and B gene
frequencies between these populations (X 2 0.100,
p = 0.992 and p > 0.05)."" The distribution of ABO
blood groups in the Thai population in this study was
similar to those observed by Sringarm S."
Additionally, there were no significant differences
when comparing genders to the secretor status
(p > 0.05), which was similar to the study reported
by Jaff M”. There were significant differences in the
secretor status in blood group AB comparing with
blood groups O and B (both p < 0.05) but there were
no significant differences when comparing with blood
group A (p > 0.05). Despite this, there were only 11
samples in blood group AB which may influence with
these p values. Furthermore, there were no significant
differences between blood groups O, A and B and
the secretor status when comparing with each other
(all p > 0.05). Different studies showed a variation in
the secretor status among ABO blood. For instance,
one study found that the highest frequency of secretors
was in blood group O°, while another study found that

the highest frequency of secretors was in blood group

Table 5 Comparison of the distribution of blood groups and gene frequencies in different populations where

p, q, r stand for A, B, O genes, respectively

Phenotype frequencies

Gene frequencies

Populations n Authors
0 A B AB p q r
Thai 206 86 (41.75%) 42 (20.39%) 67 (32.52%) 11 (5.34%) 0.142 0.212 0.646 Present study
Greek 1105 - (43.73%) - (38.44%) - (13.06%) - (4.77%) 0.245 0.094 0.661 Lialiaris”
Bangalore 36964 14716 8817 11071 2356 0.167 0.202 0.631 Periyavan''
(Indian) (39.81%) (23.85%) (29.96%) (6.38%)
Japanese 1000 297 (29%) 390 (40%) 213 (21%) 102 (10%) 0.292 0.169 0.539 Maeda™
X2 =0100; p=0992 p> 005
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Table 6 Comparison of the percentage of secretors and non-secretors and gene frequency of Se and se in various

populations
Populations n Secretors (%) Non-secretors (%) Se se Authors
Thai 206 70.87 29.13 0.4603  0.5397 present study
Northumberland (British) 1752 70.78 29.22 0.4594  0.5406 Mitchell ®
Southern Britain (British) 5962 76.28 23.72 0.5130  0.4870 Mitchell °
Reddis (Indian) 364 75.27 24.73 0.5027  0.4973 Naidu °
Kammas (Indian) 131 75.57 24.43 0.5057  0.4943 Naidu °
B." test gives inconclusive results.
Furthermore, the comparison of frequency of Acknowledgements

secretors and non-secretors and gene frequencies of
Se and se (Table 6) clearly showed that the status of
secretors among the Thai population was comparably
similar to other populations.”® Additionally, among the
secretors, the ABH secretor status obtained by HAI
test corresponded with the results obtained by ABO
blood grouping.

A family had been observed in the present study.
Figure 1 showed that the daughter was a carrier as
her mother was a non-secretor, while her father was
a secretor. However, her father could either be SeSe
or Sese as the fate of her paternal grandparents was
unknown. Another family had also been studied but
everyone in the family was a secretor, therefore the Se

and se genetic heritage could not be illustrated.

Conclusion

The ABH secretion had been elucidated for the
first time in the Thai population. Segregation of Se
and se genes was clearly illustrated by family study.
In addition, there were no significant differences
for Se and se gene frequencies among genders and
in blood groups O, A and B, though there were
significant differences when comparing blood group
AB with blood groups O and B but no significant
differences when comparing with blood group A.
This study revealed that frequency of secretors was
no different to other populations. The detection of
ABH substances in saliva could be used to resolve

ABO grouping problem when the routine laboratory
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